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This paper is addressed to the effects of
experience on the developing nervous system
of the very young infant. Particular attention
is paid to visual and visual~motor develop-
ment.
Spatial concepts such as distance and
depth are covered.
As most infant studies demand that one
infers precursors of certain behaviours" with-
out being able to measure brain changes
directly, a number of animal studies will be
revie,ved here. Such studies can only indi-
cate the possible mechanisms underlying per-
ceived developmental changes in human
infants.
THE PRIMACY OF VISION AND THE
SEQUENTIAL NATURE OF SENSORY
INTEGRATION
Visual development is an important pre..
cursor of more 'complex' integrated behav-
iour,;. Research to be reviewed here suggests
that the first few months of an infant's life
are particularly important in this regard.
However, the balance between innate 'givens'
and the effects of environmental stimulation
in such development i5 still not clear.
The evidence would appear to suggest that
the environment is ilnportant at critical
periods of the infant's life. Should this point
of time pass, the effects of deprivation may
be permanent in some ways: such has been
found to be the case in the visual development
of kittens (Rubel and Wiesel 1970). Depri-
vation studies of institutionalized children
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seem to imply that it is so, although how
much this could be attributed to visual or
Inotar deprivation cannot be ac-curately stated.
It could he hypothesized that through the
integration of vision and motor activity, for
example in reaching behaviours, the infant is
provided with the means of exploring and
learning about his world more efficiently.
The primacy of vision is eloquently shown
in a developmental study of ten infants who
were blind from birth (Adelson and Fraiberg
19741). The infants were studied over a period
of two years. These researchers reported that
although neuromuscular maturation was de-
monstrated on postural items within the nor-
mal sighted range, there was a considerable
delay in self~ initiated mobility ; for exampre
locomotion and reaching (behaviours pri-
marily dependent on vision).
One might think that these children may
have been able to make greater use of dis-
tant sound cues from an invisible object at
an earlier stage than a sighted child. How-
ever, this was found not to be so, although
in this particular study activities aimed to
facilitate "reach on sound" had been used
during the first few months of postnatal life.
A sighted child can reach for objects at 41-
months, if vision is used. However, if sound
is the only cue, the sighted child will only
commence to reach for what he hears late in
the first year. Both blind and sighted infants
then, do not respond to sound cues with self...
initiated behaviours till the end of the first
year. This leads one to conclude that inte-
gration of the various senses and actions into
a sensori...motor schema such as reaching fol..
lows some kind of developmental sequence de-
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pendent on the organism's level of matur-
ation, vision being primary.
Further evidence to support the sequential
nature of sensory integration comes from
animal studies. Mayers et al. (1971) reported
on sensory responses of neurons in the asso-
ciation areas of the cortex of kittens 8 to 50
days old. Microelectrodes were inserted into
their hrains and responses to various forms
of peripheral stimuli (visual, auditory and
somesthetic) were recorded. The authors
were interested in the development of the
polysensory characteristics of the neurons.
Mayers et al. found that the percentage of
the cells responsive to all three modalities of
stimulation increased with age, ranging from
6% in kittens 8 to 10 days old, to 89% in
kittens 49 to 50 days of age. Further analysis
of the results revealed that of the cells studied
at 8 to 10 days, 100% were responsive to
visual stimuli, compared with 33% respon-
sive to auditory stimuli and 6% to stimuli
of a somesthetic nature. After 33 days of life
96% of cells were now responding to auditory
stimulation. Even after 50 days of life, only
67% of cells were responding to somesthetic
cues.
The authors comment that the response
properties of single neurons in the associa-
tion areas of the cortex are maturing at a
time when the behavioural repertoire of the
kitten is expanding. The question remains un-
resolved however, does maturation of the
cells' responsiveness lead to the development
of the various play and exploratory beha-
viours, or do the cells respond to the various
stimuli arising from such activities?
COMMENCEMENT OF SENSORY INTEGRATION
IN THE HUMAN INFANT
The evidence suggests that some form of
integration is present at, or at least very near
to, the time of hirth, hut that integration
between the visual, auditory and tactile senses
occurs at different rates.
That very young infants exhibit some in-
tegration is suggested by Bower (1971). He
described behaviours of two week old infants
in relation to the approach of an object which
he interpreted as showing that even at this
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age the infant 'expects' tactile consequences
from such an object. Wertheimer in 1961
had reported observations of a ten minute
old neonate's behaviour when an auditory
'click' was made to each ear. Eye movement
of a directional nature was the response noted.
Wertheimer concluded that even in the few
minutes after birth, rudimentary directional
auditory localization is possible; so .is a
directional occulomotor response. He claImed
that this demonstrated co-ordination of audi-
tory and visual functioning..
That auditory-visual integration has
occurred by 30 days has been demonstrated
by Aronsen and Rosenblum (1971). They
have produced evidence that infants can per-
ceive discrepancies in auditory and visual
modes, through displacing the voice of the
infant's mother as she spoke to him. Infants
displayed agitated behaviours when this oc-
curred, and the situation was relieved only
when the child was turned away from its
mother. The auditory shift in itself was found
not to have caused this distress. The inter-
pretation placed on the results was that the
infants were perceiving auditory and visual
information within a common space which
suggests early auditory-visual integration, at
least by 30 days of age.
Visual-tactile integration would appear to
take longer. Bower et al. (1970) showed that
by presenting a 'virtual' object to infants,
that even as early as six days, anticipatory
hand shaping to the object could he demon-
strated (under visual control); but it was
not until the infant was three months old that
the presence of an object in the hand would
elicit looking. Five month old infants did not
completely close their hands on a 'virtual' ob-
ject, which the authors conclude? indicated
that tactual feedback was beginnIng to con-
trol the last stages of the grasp response.
Likewise Bower (1971) reported that infants
of 16 to 24 weeks of age registered surprise
when they reached for a 'vi:~tual' obj.eet a!1d
'found' it was not there. PrIor to thIS pOInt
in development, the grasp would complete
jtself in the absence of tactual feedback. The
incomplete grasp of the older infants is
viewed by Bower et al. (1970), to he 'the
first sign that the tactual modality can over-
ride vision at all'.
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That vision is primary seems, then, to be
supported by the evidence. The question re-
mains, however, lvhether or not the visual
world is 'registering' at birth. A reasonable
proposition could he that this may depend
on the organization of the individual infant's
nervous system at birth.
If one accepts that visual attentiveness in-
dicates that such registration is taking place,
a recent study by Sigman et ale (1973) may
provide some answers. Examining full-term
infants aged between 24 to 48 hours old,
these researchers found there was a signifi-
cant relationship between newborn neuro-
logical scores (representing neurological or-
ganization), and certain measures of visual
attentiveness. The strongest relationship was
that between the neurological score and the
length of the first fixation at a visual target.
Infants who did not attend in the first few
minutes of testing exhibited less integrated
neurological responses.
Such results lead one to speculate that new-
born infants without, presumably, visual ex-
perience, will be in a better or worse position
to take advantage of visual stimuli compared
with their peers, depending on how efficiently
their nervous system is organized at birth.
(These authors suggested as a result of this
study that subjects who complete testing in
newborn attention studies may comprise a
highly selected sample of neonates.) It is
feasible then, that at birth, some full-term
infants may have the capacity to be influ-
enced by the visual world, while others may
have to await further post-natal development
of the nervous system before environmental
stimuli lvill have any impact visually.
The evidence so far would suggest that the
nervous system is probably primitively inte-
grated at birth depending on the individual;
but time must pass before the infant's nervous
system becomes adequately integrated to cope
with the full range of environmental stimuli.
To confirm such a statement as fact, neuro-
physiological experiments would need to be
performed on the living brains of infants, to
detect individual cell responses as well as the
effects on the brain itself of visual stimuli.
Ethically, though not technically, such
evidence, to the present writer's knowledge,
cannot be obtained in infants. However, evi-
dence is available from animal studies which
suggest possible answers, although this, too,
is not yet conclusive.
IIubel and Wiesel (1963), studying kittens,
sought the age at which cortical cells have
normal adult type receptive fields as well as
an answer to the question, whether these fields
existed even in animals that have had no pat-
terned visual stimulation. They concluded
that many of the connections responsible for
the highly organized behaviour of cells in the
striate cortex must he present at birth or with·
in a few days of it, and that the development
of these connections occurred in the ahsence
of patterned visual experience.
These cortical findings were said to be
somewhat unexpected in view of behavioral
observations made of young kittens. (Kittens
appear unable to use their eyes at the time
of normal eye-opening [6 to 10 days], and
they only commence to exhibit avoidance of
objects at 14 days.) These manifest beha-
viours seem clumsy in comparison to the
cortical responses recorded.
Rubel and Wiesel suggested that this in-
ahility to use vision was related not so much
to incomplete development of the visual path.
way as to the lack of visual..motor ability..
They concluded from this study that highly
complex neural connections are possible with-
out the benefit of visual experience; strong
evidence, it would appear, for the 'nativist'
view.
Later evidence has been produced to refute
this claim. Barlow and Pettigrew (1971) ,
studying the responses of both cats and kit-
tens to binocular stimuli at various dispari-
ties, found that in adult cats responses were
sharply peaked at one disparity, hut that no
sharply peaked responses were found in the
cortex of kittens with no visual experience..
However, kittens with visual experience de-
monstrated both specified and unspecified
cells. Blakemore and Mitchell (1973), com-
paring findings from a binocularly-deprived
kitten, with kittens having some visual exper-
ience ranging from one to thirty-three hours
during the 'critical period' (see later), found
evidence to support Barlow and Pettigrew's
position.
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The issue then remains unresolved as re-
gards the relative effects of heredity, matur-
ation and environment in the development of
vision.
THE INFANT'S VISUAL FIELD
How much can an infant 'see'? How limited
is his visual field in the first few months of
life? What are these limitations? What fea-
tures in his visual field encourage him to
'look' at ohjects? Is he aware of space within
his visual field?
Haynes et al. (1965) studying visual ac-
commodation in human infants found that an
alert newborn human infant can focus his
eyes on targets only at a particular distance
(median 19 oms.); but during the first few
post-natal months this range of flexible ac-
commodation increases and approximates
adult performances by the fourth month. This
is purely a physical test, accommodation being
the capacity to focus an image on the retina,
but all the same it is the first step towards
obtaining clear vision and therefore has sig..
nificance in the present context.
Accommodation is an important factor;
however, it is not the only one. McKenzie
and Day (1972), examining fixation times for
infants 13 to 20 weeks, and infants 6 to 12
weeks, obtained evidence to suggest that ob..
ject distance is a critical determinant of the
duration of visual fixation, regardless of the
object's actual or retinal size. They found in
this instance that no interaction effects of age
and distance factors could be observed, all
infants preferring objects of varying size at
30 ems. rather than 90 ems. The authors sug-
gest that preference for 'near' ohjects cannot
be attributed solely to lack of accommodative
ability.
That infants are able to perceive the ap-
proach of distal objects has been shown by
Bower (1970). He studied infants aged 6 to
20 days, and found even at this early age
they reacted to an approaching object with
avoidance behaviours. Interpreting Haynes
et al. (op. cit.) ~ these infants would prob..
ably be seeing a blurred object at certain
distances because their accommodative ays..
terns were not functioning adequately, hut
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from Bower's results, this does not appear
to inhibit the infants' avoidance reactions,
which do seem to he controlled visually.
Such avoidance responses seem to he even
more subtly controlled by vision when results
reported by Ball and Tronick (1971) are con-
sidered.. Using twenty-four infants aged 2 to
11 weeks he showed differential responses to
shadows on a 'hit' or 'miss' path; an important
'survival' mechanism. Infants were seated 35
ems. away from a shadow screen. Qualitative
differences were noted for both 'hit' and 'miss'
sequences, in that a full avoidance response
occurred on a 'hit' run, whereas on a 'miss'
run a slow turning of the head and eyes from
the path of the object was seen. These beha..
viours were observed at all ages tested, which
the authors interpreted as meaning that learn-
ing did not occur for this behaviour to be
manifest. In this experiment then, it was
shown that a visually controlled response
could occur even when the object was not
at the optimal distance for accommodation,
although it is interesting to note that the ob..
jeel was moving, a feature which has been
shown to have significance in the develop..
ment of the infant's visual field.
Tronick, after making weekly studies of
infants from 2 weeks to 10 weeks, was able
to show developmental trends in the growth
of the infant's effective visual field. He found
that the field was initially quite small, 15 0 to
20 0 to either side of the infant's line of re-
gard, but over the two months the field more
than doubled for stimulation conditions when
the peripheral event was in motion and the
fixation point static. However, the visual field
remained the same when the central fixation
object was in motion and the peripheral event
was static. The major conclusion to be drawn
from this study was, that the infant's effective
visual field is directly related to the nature
of the events available for registration, and
that motion is the more effective producer of
alteration (Tronick 1972).
In a similar fashion, Bower (1971) has
shown that young infants of 16 weeks or less
tend to respond to movements and places,
whereas older infants define objects by their
features rather than by place or movement.
Could this be evidence for learning effects
coming to dominate the visual system as the
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infant develops? It would appear that not
only is the infant's visual field determined by
changes in accommodation, but it is also
under stimulus control, movement, which later
has a lessened effect as learning takes place.
Such evidence would support the importance
of recognizing the interaction of maturational
and environmental factors when considering
visual development.
THE IMPORTANCE OF THE EARLY
ENVIRONMENT
How much does early experience contribute
towards visual development? Is there a criti-
cal period during an infant's development
where stimulus deprivation can have perman-
ent results? Are there demonstrable changes
in the brain itself that can be said to correlate
with such environmental changes, and are
these changes reversible?
For some tentative answers to these ques-
tions, one must turn to animal studies to
provide most of the evidence.
An important study by Rubel and Wiesel
(1970), clearly demonstrated that there is a
critical period in the visual development of
kittens. Experiments were performed on 21
monocularly deprived kittens. The eyes of
these kittens had been sutured at various ages
and for varying lengths of time. After this
'treatment', recordings were made using a
microelectrode technique, from the striate
cortex, noting the responses from both eyes
and comparing them. Findings showed that
susceptibility to the effects of deprivation ap-
peared suddenly near the fourth week, was
great during that week, and began to falloff
sometime between the sixth and eighth weeks.
This susceptibility continued to decline and
had disappeared by the end of the third
month. When six month old kittens and adult
cats were exposed to equivalent periods of
monocular deprivation, tests showed that the
'deprived' eye displayed normal vision.
Animals suffering deprivation in the first
three months of life then, showed morphologi-
cal, physiological and behavioral changes
which were permanent, clear evidence for the
presence of a critical period in the visual
development of kittens. However, that such a
critical period occurs in the human infant
still remains to he proved. Hubel and Wiesel
do l"eport that interspecies comparisons of
the cat and the monkey show that there are
not great differences in this regard. Such
comparisons suggest that a critical period for
human visual development may exist as well,
but one could not go so far as to suggest its
length.
Can deprivation at the critical period he
reversed? Dews and Wiesel (1970) showed
that if the deprived eye was used exclusively
after being reopened (the normal eye now
being sutured) , visual control hy the deprived
eye was better than in similarly deprived cats
whose normal eye was never closed. However,
although this reversal of eye closure improved
behavioural control, this improvement was
not accompanied by an increase in the ability
of the deprived eye to drive cortical cells.
Some explanation of this phenomenon may
he found through further exploration of a
suggestion arising from the research of Stein
and Schuckman (1973). Rats were restricted
at 13 days of age for either visual or auditory
modalities. When Intracranial Electrical
Stimulation was applied to the restricted cor-
tical projection area (visual or auditory),
they found that sensory restriction not only re..
larded responses to stimulation of the re-
stricted cortical projection area, hut also
facilitated response to stimulation of the non-
restricted cortical projection area. Although
these results did not achieve statistical signi-
ficance, the authors felt it warranted report-
ing.
Stein and Schuckman suggested that the
phenomenon they had observed may be re-
lated to the concept of cerebral compensation.
This concept too, may explain then, Dews'
and Wiesel's results quoted earlier.
What are the direct effects of visual stimu-
lation on the developing nervous system?
The developing nervous system displays
the property of plasticity. Brain development,
then, probably depends in part on the visual
environment.
A number of animal studies have exam-
ined the effects of rearing animals in a par-
ticular visual environment and the evidence
is strong that this does contribute to brain
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changes. Hirsch and Spinelli (1971 ) reared
kittens so one eye was exposed to horizontal
lines while the other was exposed to vertical
lines. Cells in the visual cortex were shown
to respond in a manner corresponding to the
type of stimulus they had been given during
the rearing period.
In a modification of this experiment, Blake-
more and Cooper (1970), reared kittens well
past the critical period in a wholly horizon-
tally or vertically striped environment, allow-
ing them binocular vision as well as being
able to freely move, although they were un-
able to view their own bodies. Mter five
months, on removal from this environment
they experienced visual-motor problems, hut
these soon disappeared" However, some per-
manent effects were noted, namely that the
animals were virtually blind to contours per-
pendicular to the orientation they had ex-
perienced. These behavioural observations
were paralleled by neurophysiological studies.
The kittens in this study had been exposed
to their particular environment five hours per
day for five months. Even more startling are
the results of a later study (Blakemore and
Mitchell 1973), in which kittens were ex-
posed to a vertically striped cylinder on or
around the twenty..eighth day - the peak of
the critical period. The length of exposure
varied from one hour to thirty-three hours,
and this was the only visual experience they
had. Results were compared with those of a
kitten whose eyes had been sutured, and kept
in a normally lighted room. These researchers
found that the visual cortex of animals ex-
posed to the 'vertical' environment were
transformed and that the difference between
the animals with one hour's exposure and
none was more striking than the differences
found hetween those having one hour's ex-
exposure and thirty-three! (Recordings had
been made at six weeks, some time after the
exposure period.)
The exciting factor is that this short ex-
posure should make such a difference in the
physiological properties of the cortical cells.
The authors go so far as to speculate that
environmental modification of cortical cells
such as this, may he similar to what occurs
as the physical manifestation of what is
memory"
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To probe further the dynamics of this cor-
tical 'learning' phenomenon, one further study
will be cited. Pettigrew, Olson and Barlow
(1973) have presented results of testing
single neurons in the kitten's visual cortex
for changes in their properties in response to
conditioning stimulation while the neurons
were actually under observation. Kittens aged
18 to 35 days old were used" (In interpreting
the results to fallow, it must he noted that
cells in the cortex of kittens range from those
excited exclusively by the ipsilateral or con-
tralateral eye. The majority are usually ex-
cited by both eyes.)
In this experiment, one cell, dominated by
the contralateral eye was selected for study.
Stimulation of the ipsilateral eye gave less
than one-tenth of the response obtained by
stimulating the contralateral eye. Repeated
presentation of stimulus to the non-dominant,
ipsilateral eye led to gradual increase in dis-
charges until after about five minutes the re-
sponse reached the level previously obtained
by the contralateral eye. Testing of the con-
tralateral eye now gave only a weak response,
that is, a reversal of eye preference was
demonstrated. The changed dominance per-
sisted for at least thirty minutes, but the
writers did not have evidence that it per..
sisted longer than one hour (although they
do indicate in a footnote that ongoing studies
are showing that by increasing the ratio of
conditioning time to testing time, large num-
bers of cells appear to be affected in a rela-
tively permanent way, but not until some
hours after cessation of conditioning stimu-
lation) .
The evidence so far points to the plasticity
of the kitten's nervous system. The question
now arises, what are the limits to the amount
of environmental shaping of neuronal cir-
cuitry?
'Neurons in the mammalian visual cortex
are sensitive almost exclusively to linear con-
tours.' (Pettigrew and Freeman 1973.) What
then would he the situation if kittens were
reared in an environment in which they never
saw linear shapes? Is it a fact that sensitivity
to lines is a 'given', fixed at birth? It was
to such questions that Pettigrew and Freeman
addressed themselves when they reared kittens
in a planetarium-like visual environment,
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where their only source of lumination was
point sources of light. Subsequent physio-
logical studies showed that 'random dot' kit..
tens' visual cortical neurons were remarkably
atypical, in that they were selectively respon..
sive to small moving spots of light. The
authors drew the conclusion that, if linear
processing is an innate property of the visual
cortex, it is one that is easily modified.
All these findings quoted here suggest that
the usual high degree of specialization of
cortical cells is largely derived from visual
experience.
What are the implications for infant de..
velopment? The evidence indicates that lack
of visual stimulation at an early stage may
produce permanent brain changes. However,
there does seem to be some suggestion that
through the operation of compensatory me..
chanisms, some of this damage may he re..
dressed, although permanent brain changes
cannot be reversed.
THE INFANT'S ENVIRONMENT AND HIS
PERCEPTION OF SPACE
In this section two significant factors in
the perception of distance and depth, namely
motion parallax and pattern texture, will be
oonsidered. Experimental studies, keeping in
mind Gibson's (1969) view that a laboratory
situation should silnulate closely a typical
situation in the infant's world, will be par-
ticularly discussed. For example, in the in..
fant's environment, avoiding collision with
objects, discriminating depth at an edge, be..
ing ahle to reach accurately with his arm (or
leg) towards a steady surface or to grasp an
object (including himself), are aU behaviours
observed in the real life situation which in
some instances have definite survival value
as well as being important in the early
'learning' processes.
Is motion parallax primary? Bower (1966)
reported results of experiments aimed at dis..
covering whether or not infants could per..
ceive distance and were capable of size con-
stancy. Examining infants 6 to 8 weeks old,
too young to be capable of such spatial he..
haviours as reaching and crawling, Bower
found that infants were affected by real size
and real distance of objects and not by retinal
size or retinal distance cues" To eliminate the
effect of hinocular parallax, infants were
made to perform in monocular fashion, as
Bower presented real cubes and pictorial cues.
He found that in the real cube situation,
monocular infants appeared to discriminate
real depth and real distance. Walk and
Dodge (1962) made a similar finding in
relation to the behaviour of a ten month old
monocular human infant on the visual cliff.
Bower also found that the monocular in-
fants were unable to detect pictorial cues of
depth and responded only to the projective
size of the cuhes. The fact that the infants
could not respond accurately to the pictorial
cues suggests that learning is involved here,
whereas accurate responses to the 'real' situ..
ation suggests that a more basic mechanism
is at work. Bower concluded that motion
parallax was the most effective cue to depth
at this early stage.
In a more recent study, Day and McI(enzie
(1973), using habituation as a guide, studied
the responses of infants, 6 to 16 weeks, to real
and pictorial shape. They found that infants
responded to the real shape of the object
rather than photographs, and likewise con-
cluded that motion parallax was the primary
basis for discrimination of depth.
Motion parallax has also been cited as the
major factor involved in infants avoiding the
deep side of the visual cliff. Walk and Gibson
(1961) suggest that motion parallax could
be an innate cue for depth discrimination.
This conclusion was reached as the result of
experiments with the visual cliff, which have
more recently been challenged (DeHardt,
1969) .
Unfortunately infant responses to the visual
cliff cannot be adequately observed until the
child begins to locomote, so the question re-
mains, would the very young infant be able
to perceive depth at an edge? Another factor
is, that even when the human infant begins
to locomote he is still somewhat clumsy. As
a result much of the visual cliff work has been
done with sub-human species. Some of these
studies will now he reviewed in more detail.
The 'visual cliff' apparatus has two impor-
tant variables, the height of the cliff which
can be altered, and the pattern of the 'sur-
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faces' on the shallow and the deep side which
can be varied. Variations on these 'themes'
have been used to probe the questions in-
volved in depth perception, or more correctly,
the perception of height.
Walk and Gibson (1961), studied visual
cliff behaviour of light deprived rats while
controlling for texture density, and found that
the visually inexperienced rat could discrim-
inate depth. This led to the interpretation
that depth perception, at least for the rat, was
totally innate.
However, even such a long held notion of
'truth' such as this has recently been chal-
lenged. Tees (1974) has shown that rat be..
haviour on the visual cliff is not 'innate', but
rather it is the outcome of innate, matura-
tional and experiential factors. By comparing
the performances of light reared and dark
reared rats on the visual cliff, he found that
though both groups had equal perceptual
ability at age 20 days, dark reared rats' per..
formances in discriminating differential
depths worsened until at 140 days, these rats
gave no evidence of depth discrimination.
Light reared rats on the other hand, had im..
proved their performance until it levelled off
at 100 days. A parallel trend to the latter
point is seen in the development of infants.
Ten month old human infants have been
found to have less depth discrimination than
one year oids when the differential depth is
10" or 20". These children too, do not avoid
the visual cliff as well as older infants (Tees,
quoting Walk's studies of 1966, 1968, 1969).
The question now arises, what then are
the experiential factors that help 'improve'
depth discrimination? One strong possibility
is stimuli arising from the patterned environ-
ment - surface texture.
DeHardt (0 p. cit.) showed that rats ex-
posed to pattern sizes that were optically
equal but at differing depths did not demon-
strate any significant side preference on the
visual cliff. When i'.1 patterns were on hoth
sides the animals preferred the shallow side.
However, when 3" checks were on hoth sides
the animals preferred the deep side. (The
critical factor appeared to be that a check
of 3" on the deep side, produced an angular
size at the eye similar to that produced by
1" on the shallow side.)
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Does pattern size in some instances over-
come other depth cues particularly motion
parallax? DeHardt's results would suggest
this.
The finding that preferred textures may in-
fluence response on the visual cliff, prompted
Walk and Walters (1974) to repeat
DeHardt's experiment and expand upon it.
Both chickens and rats were used, and it was
found that the DeHardt experiments were
essentially replicated and could be extended
to other species.
Walk and Walters then extended the experi..
ment. By increasing depth and holding the
preferred retinal angle constant, they found
that significantly fewer choices were made to
the deep side. These results could be inter-
preted as disproving the original DeHardt
hypothesis that it is preferred pattern size
rather than motion parallax that is the major
cue for depth.
An interesting outcome of the DeHardt ex-
periment is that it has led to a reformulation
of the Walk and Gibson (1961) position,
namely that: 'Motion parallax is a major de-
terminant of depth perception as long as
adequate texture is projected from all por-
tions of the environment. However, texture
density is also an important determinant of
choice, and, under certain conditions and
for some species, it may be the major deter-
minant.' (Walk and Walters, 1974.)
VISUALLY GUIDED REACHING
One important behaviour observed in in-
fants is reaching. It is an important behaviour
because through such an integrated sensori-
motor schema, the infant becomes more able
to explore his environment and at the same
time provide further stimulation for the de-
veloping nervous system.
Presumably, guided reaching is in some
way under the control of vision primarily,
during the first few months of post-natal life.
The question arises, how does the reaching
action become more refined (White et al.
1964): what factors are acting during de..
velopment to make it 80?
Reaching may indicate an infant's response
to a distance cue and be a very real indicator
of his appreciation of the distance of an ob·
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ject. Bower (1971) seems to suggest that
reaching in the neonate has definite direc-
tional components. If one accepts that reach-
ing behaviours may indicate discrimination
of distance, which is visually initiated, the
reciprocal question arises. How is the infant's
vision influenced if at all, by motor feedback?
Because the infant's body is growing, and in
time locomotion becomes possible, it seems
reasonable that some motor feedback will
affect the infant's spatial awareness. From the
evidence to be reviewed, it would appear that
motor-visual feedback is important for the
acquisition of visually guided behaviours of
which reaching is an example.
One further reason for considering study
of reaching behaviour to be of use, is that in
the study of perceptual development of the
young, one has often to resort to observing
the motor responses. So it seems logical to
examine such areas in greater detail.
Once again it has been found necessary to
resort to animal studies, although much of
this work has evolved from earlier observa-
tions on human adult subjects (Held and
Bossom 1961).
In an early experiment (1963), Held and
Hein found that visual placing and visual cliff
behaviours in kittens were different, depend-
ing on whether, during exposure to patterned
light, they were performing self-initiated
movement or were being moved passively.
Kittens being moved 'passively' displayed ab-
normal responses when tested. However, after
a period of free movement, these same kittens
achieved normality.
Later studies (Hein, Gower and Diamond,
1970) have suggested that these kittens were
not kept absolutely passive, and in fact were
moving their head, limbs and eyes within
the gondola carrying them around; motion
on the retina then being due to the motion
of the limbs plus that of the gondola. These
animals were being exposed to decorrelated
motor..visual feedback, leading to failure to
develop visually triggered and visually guided
reaching.
In earlier studies, Hein and Held (1967)
had shown that the so ..called visual placing
response could be divided into triggered and
guided components, and that the animals' de-
velopmental history could lead to the pre..
sence or absence of one or both. Kittens
reared without viewing their forelimbs were
shown to have visually triggered responses,
but could not visually guide their paws to
solid prongs of a broken testing surface.
Rein, Held and Gower (1970) found that
if one eye only was exposed to the moving
limbs, on later testing, only this eye would
mediate visually guided reaching. This evi·
dence points to the importance of combined
visual and motor experience. Only in this way
will integration take place.
Held and Bauer (1967) have provided
inter..species data. They showed that monkeys
that had heen reared with their limbs out of
sight after birth, did not display visually
guided reaching. One behaviour similar to
the human infant though, was that these same
monkeys engaged in hand-watching for some
period after their hand was exposed to view,
this behaviour diminishing as more normal
reaching increased.
White and Held (1966) have shown that
even infants who are exposed to stimulus-rich
environments do still go through a period of
hand regard. If looking at the hand was only
an activity 'looking at an interesting object
that is solid and moves', the child in a stimu-
lus rich environment would surely have sub-
stitutes for such an object. Behaviour such as
that described by White and Held has proh-
ably got a much broader meaning, namely
that the infant is responding to intrinsic cues
as well as the cues provided hy vision. In
this way his nervous system is becoming more
integrated.
That the limb must be viewed hefore ac-
curate reaching can be attained early in the
infant's life seems to he well established.
Some evidence recently has suggested that
before visual..motor behaviour like reaching
can occur, other behaviours have had to be
mastered. Hein and Diamond (1972) exam-
ined the possibility that certain visual-motor
capacities prerequisite the development of
others.
In a sequential series of experiments, only
kittens who had previously developed guided
locomotion displayed guided reaching. Vis·
ually guided locomotion developed only in
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those kittens who were able to move around
a normally lit room. Kittens who were ex-
posed to a normally lit room but were reo.
strained, did not use subsequent feedback
from the forelimb to develop guided reach-
ing. One could conclude that in the kitten,
visual feedback from the forelimb is suffi-
cient for the acquisition of visually guided
reaching only after visually guided locomo·
tion has developed.
The implications of this finding has
many applications of importance to the phy-
siotherapist. Children who are physically han-
dicapped may not develop adequate motor-
visual feedback, which in itself will inhibit
early learning experiences 80 vital to later
success in school.. Institutionalized infants
will need to be given freedom to move about
in the first few months of life, rather than
being left in the restricted environment of a
'hospital' cot. With greater understanding of
these developmental mechanisms, anyone who
comes into contact with very young infants
may be able to provide optimal stimulation
at a time when the nervous system is develop-
ing rapidly.
SUMMARY
How vision develops in the very young
human infant still remains a mystery.
That certain 'innate' survival mechanisms
may be operating at birth seems likely, the
evidence suggesting that the efficiency of these
mechanisms may depend on ho\v integrated
the nervous system is at birth.
Environmental factors seem to he most im..
portant. The animal studies suggest this. How-
ever, we do not know if the human infant
passes through a critical period in visual de·
velopment, so one cannot say at what point in
the infant's life deprivation or stimulation
will have the maximum effect.
Development of vision becomes integrated
with other modalities. However, that vision
is primary has been clearly demonstrated.
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